Abstract This study was conducted to investigate how to enhance resistance to oxidative stress in petunia progeny obtained by a crossing between transgenic plants, MnSOD (SOD2) (T 4 ) and NDPK2 (T 2 ), to develop transgenic petunia much more resistant to environmental stress. At the treatment of MV 200 μM, the progeny was significantly less damaged than its parental plants (SOD2-or NDPK2-transgenic lines) as well as wild type plants, implying its resistance to oxidative stress was enhanced compare to that of SOD2-or NDPK2-transgenic plants. In an expression of 11 quantitative traits, the progeny remained similar to control plants, although it infrequently displayed slightly longer or wider than either parental or wild type plants. In the expression of 6 qualitative traits, there was no significant difference between parental or non-transgenic control plants.
Introduction
Many researchers have studied to develop plants resistant to the abiotic stresses through the transfer of superoxide dismutase (SOD) or ascorbate peroxidase (APX) or nucleotide diphosphate kinase (NDPK) genes in many crops (Fang et al. 2002; Kim et al. 2005; Lee et al. 2009a Lee et al. , 2009b Lee et al. , 2010 Moon et al. 2003; Tang et al. 2004a Tang et al. , 2004b Tang et al. , 2007 . These crop cultivars that are more resistant to environmental stress (or abiotic stress) are needed in times of unpredictable weather condition. Recent developments in plant genetic engineering are aimed at increasing resistance by integration of multiple transgenes into plants genome (multiple-transgene-stacking) and coordinated expression of these transgenes in transgenic plants (François et al. 2002) . Also, there were recent reports on transgenic plants that are more resistant to abiotic stess through the introduction of two genes (SOD and APX genes) (Kwon et al. 2002; Lim et al. 2007 ).
Since petunia is mainly used to be planted on the roadside in company with pansy in Korea, there is a need to develop cultivar resistant to abiotic stresses such as rainfall, humidity, and air pollution. The Floricultural Research Division at National Institute of Horticultural & Herbal Science has previously developed the MnSOD (SOD2) transgenic petunia (T 4 ) as well as NDPK2 (T 2 ) transgenic petunia pure lines (Lee et al. 2009a ). This study used conventional breeding technique (crossing) as means for multi-transgene-stacking methods to get transgenic petunia line more resistant to oxidative stress than the previously developed transgenic lines with SOD2 and NDPK2 genes, respectively. After that, this study identified how to enhance the resistance of its progeny to oxidative stresses induced by methyl viologen (MV). Furthermore, this study investigated 17 morphological traits in progeny to identify that there were no significant differences between the progeny and its wild type or parental plants in other morphological characters besides the resistance to oxidative stress controlled by the transfer of the genes. 
Materials and Methods

Plant materials
The progeny from a crossing between transgenic Petunia pure lines, NDPK2-5-3 (T 2 ) and SOD2-2-1-1-35 (T 4 ) obtained from Wongyo A2-36, purebred line of petunia, was used in this study.
PCR analysis
Integration of transgene in the progeny was identified through PCR analysis. DNA was isolated from leaves of the progeny grown for 45 days after sowing in the greenhouse by using DNeasy plant mini kit (QIAGEN Co.) and quantified by using NanoDrop (Nano Co.). PCR reaction was conducted as described by Lee et al. (2009a) using NDPK2 specific primers (forward; 5'-GAG GCT ATT CGG CTA TGA CTG-3', reverse; 5'-ATC GGG AGC GGC GAT ACC GTA-3') and SOD2 gene specific primers(forward; 5'-TAC TGG AGA TGA ATA TGA GC-3', reverse; 5'-CA G CAG GCG GCA AAT GAT TA-3'), respectively.
Treatment of MV on whole plant
Seedlings of progeny grown for 20 days after sowing on a plastic box containing 400g of culture medium mixed with perlite (SungHyun Perlite Co., South Korea) and commercial compost were transplanted to plastic pots (15cm) with just above culture medium. After 15 days in the greenhouse, the progeny was sprayed with about 3.75 mL of MV solutions in 0, 100, and 200 μM dissolved in 20% acetone solvent supplemented with 0.1% (w/v) Tween 20 at 3 plants per treatment. Each treatment was repeated three times. The percentage of leaf damage that appeared on the leaves in the transgenic plants after MV spraying was evaluated at 5 days after treatment [0 (no damage) to 100 (completely killed).
Examination of morphological traits
Expression data for 11 quantitative and 6 qualitative traits (Table 1) in the progeny was investigated based on the survey standard in agricultural experiment and research (Rural Development Administration 1995) and in application and evaluation of petunia new varieties (National Seed Management Office 1997). The expression data was examined, while its flowers were blooming.
Results and Discussion
Identification of the transfer of SOD2 and NDPK2 genes in progeny
In common, after proceeding generations of transgenic plants, stability or inheritance of transgene in progeny plants has been identified according to PCR analysis (Chareonpornwattana et al. 1999; Sriskandarajah et al. 2007; Zhang et al. 2005 ). However, there was a recent report on presence of inserted genes in transgenic plant by fluorescence in situ hybridization (FISH) (Choi et al. 2009 ). This study, also, the integration of two transgenes in progeny obtained from the crossing between the independently transformed petunia lines, SOD2-2-1-1-35 and NDPK2-5-3 obtained from petunia pure line Wongyo A2-36, was analyzed using PCR. The number of plants with two genes (SOD2 and NDPK2) was 23 out of 56 seedlings of the progeny (Table 2 and Kim et al. 1986; Kwon et al. 2002; Lim et al. 2007; Moon et al. 2003; Suntres 2002; Tang et al. 2008) . In case the transgenic plant is less damaged after treatment with MV than wild type, it will be concluded that the resistance of transgenic plant to oxidative stress is more increased than that of wild type plant. After the progeny from the cross of transgenic Petunia pure lines, NDPK2-5-3 and SOD2-2-1-1-35, was treated with MV of three solutions (0, 100 and 200 μM), leaf injury caused by MV was observed next day after the treatment and became severe thereafter like in previous study (Lee et al. 2010) . Visible injury of the progeny on the fifth day after treatment was shown in Table 3 and Figure 2 . The progeny with both SOD2 and NDPK2 genes was less damaged than the non-transgenic 
SW, FD -PH, SL1 -*Abbreviated word is described at Table 4 and its parental plants (SOD2-or NDPK2-transgenic plants) with the treatment of MV 200 μM. This means that the resistance of the progeny to oxidative stress was more enhanced than that of SOD2-or NDPK2-transgenic plant. Based on this result, it proves that accumulation of SOD2 and NDPK2 genes appears to function under more extreme oxidative stress. The findings of this study were supported by Tseng et al. (2008) and Chan et al. (2005) . Tseng et al. (2008) reported that a transgenic chinese cabbage with both MnSOD and catalase genes of Escherichia coli by co-transformation exhibited tolerance to sulfur dioxide compare to the transgenic cabbage with the MnSOD gene and the catalase one. Chan et al. (2005) reported that a transgenic Phalenopsis with both CymMV coat protein cDNA (CP) gene and sweet pepper ferredoxin-like protein cDNA (Pflp) gene by double transformation enhanced resistance to viral and bacterial phytopathogens compare to the transgenic Phalenopsis with the CymMV coat protein cDNA (CP) gene and the sweet pepper ferredoxin-like protein cDNA (Pflp) gene.
Morphological traits expressed in progeny
Theoretically, only a specific characteristics controlled by the transfer of a gene would be changed in a transgenic plant. Nevertheless, it needs to examine other morphological traits besides a target trait controlled by a specific gene in a transgenic plant, because the possibility of the change of other morphological traits not controlled by the transfer of the gene cannot be ruled out. However, there were few reports on the change of other morphological traits besides trait controlled by a specific gene in a transgenic plant. Clark et al. (2004) reported that one of two isopentenyl transferase (IPT) gene-transgenic petunia lines exhibited horticultural characteristics different from its wild type plant, whereas the other line were not greatly altered in any other horticultural traits in comparison to wild type plant. This study investigated 17 morphological traits expressed in the progeny between two transgenic petunia lines with SOD2 or NDPK2 gene compared to the traits of wild type as well as its parental (SOD2-or NDPK2-transgenic) plants.
The examined data is shown in Table 4 and 6. In this study, also, the progeny remained similar to wild type plant in the expression of 11 quantitative traits, although it showed slightly longer or wider characteristics than either its parental and/or wild type plants. The leaf blade, corolla tube, pedicel and sepal of the progeny were slightly longer and wider than that of both its parental and wild type plant, whereas the sepal and flower diameter of progeny was a bit wider and longer, respectively, than those of its parental (Table 5 ). In the expression of 6 qualitative traits, there is no significant difference between the progeny and its parental or wild type plants (Table 6 and Fig. 3 ).
In conclusion, this study confirmed the resistance to oxidative stress was enhanced by stacking of SOD2 and NDPK2 genes in petunia. The results suggest that transgenic plants expressing two transgenes can be generated by a cross between independently transformed plants. These results also support François et al. (2002) 'argument that introduction of multiple transgenes or multiple-transgne-stacking is highly desired. Also, this study suggests that the transgenic progeny seeds with both SOD2 and NDPK2 genes would be valuable data and genetic materials for breeding new petunia cultivar resistant to environmental stress.
